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PREFACE. 

The  Bureau  of  Mines  publishes  herew  ith  in  full  the  report  of  the 
Committee  on  Resuscitation  from  Mine  Gases.  This  committee  was 
appointed  in  June,  1912,  and  its  personnel  was  recommended  by  the 
American  Medical  Association  in  response  to  a  request  of  the 
Director  of  the  Bureau  of  Mines.  The  members  were  Dr.  W.  B. 
Cannon,  chairman,  professor  of  physiology,  Harvard  University; 
Dr.  George  W.  Crile,  professor  of  surgery,  Western  Reserve  Uni- 
versity; Dr.  Joseph  Erlanger,  professor  of  physiology,  Washington 
University,  St.  Louis :  Dr.  Yandell  Henderson,  professor  of  physiol- 
ogy', Yale  University;  Dr.  S.  J.  Meltzer,  head  of  the  department  of 
physiology  and  pharmacology,  Rockefeller  Institute  for  Medical 
Research. 

The  purpose  of  this  committee's  study  and  investigation  was  to 
develop  an  efficient  method  of  resuscitation,  which  may  be  admin- 
istered by  miners  or  other  persons  who  have  not  had  the  training 
of  a  skilled  physician,  but  frequently  have  the  opportunity  to  treat 
a  fellow  workman  overcome  by  electric  shock  or  by  gases  in  places — 
generally  within  a  mine — that  the  physician  or  surgeon  can  not 
reach  in  time  to  save  life. 

The  report  of  the  Commission  on  Resuscitation  from  Electric 
Shock,  whose  personnel  was  recommended  by  the  American  Medical 
Association  upon  request  of  the  National  Electric  Light  Asso- 
ciation, has  been  published.  The  medical  members  of  that  commis- 
sion and  of  the  Committee  on  Resuscitation  from  Mine  Gases  were 
almost  the  same. 

These  two  reports  have  been  carefully  reviewed  by  Messrs.  J.  W. 
Paul,  H.  M.  Wilson,  G.  S.  Rice,  G.  A.  Burrell,  G.  H.^  Deike,  and  Dr. 
J.  M.'  Booher,  of  the  Bureau  of  Mines,  with  Dr.  Yandell  Henderson 
in  consultation.  As  a  result  the  bureau  recommends  the  following 
procedure  in  rendering  first  aid  to  those  in  need  of  artificial  respi- 
ration : 

In  case  of  gassing,  remove  victim  at  once  from  gaseous  atmosphere. 
Carry  him  quickly  to  fresh  air  and  immediately  give  manual  arti- 
ficial respiration.  Do  not  stop  to  loosen  clothing.  Every  momen£ 
of  delay  is  serious. 
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6  EESUSCITATION"    FEOM    MIKE    GASES. 

In  case  of  electric  shock,  break  electric  current  instantly.  Free  the 
patient  from  the  current  with  a  single  quick  motion,  using  any  dry 
nonconductor,  such  as  clothing,  rope,  or  board,  to  more  joatient  or 
wire.  Beware  of  using  any  metal  or  moist  material.  Meantime  have 
every  effort  made  to  shut  off  current. 

Attend  instantly  to  the  victim's  breathing.  If  the  victim  is  not 
breathing,  he  should  be  given  manual  artificial  respiration  at  once. 

If  the  patient  is  breathing  slowly  and  regularly,  do  not  give  arti- 
ficial respiration  but  let  nature  restore  breathing  unaided. 

In  gas  cases,  give  oxygen.  If  the  patient  has  been  gassed,  give  him 
pure  oxygen,  with  manual  artificial  respiration. 

The  oxygen  may  be  given  through  a  breathing  bag  from  a  cylinder 
having  a  reducing  valve,  with  connecting  tubes  and  face  mask,  and 
with  an  inspiratory  and  an  expiratory  valve,  of  which  the  latter  com- 
municates directly  with  the  atmosphere. 

No  mechanical  artificial  resuscitating  device  should  be  used  unless 
one  operated  by  hand  that  has  no  suction  effect  on  the  lungs. 

Use  the  Schaefer  or  prone  pressure  method  of  artificial  respiration. 
Begin  at  once.  A  moment's  delay  is  serious.  Proceed  as  directed  in 
Miners'  Circulars  5  and  8  of  the  Bureau  of  Mines  and  on  pages  15 
to  17  of  this  paper. 

Continue  the  artificial  respiration.  If  necessary,  continue  two 
hours  or  longer  without  interruption  until  natural  breathing  is  re- 
stored. If  natural  breathing  stops  after  being  restored  use  artificial 
respiration  again. 

Do  not  give  the  patient  any  liquid  by  mouth  until  he  is  fully  con- 
scious. 

Give  him  fresh  air,  but  keep  his  body  warm. 

Send  for  the  nearest  doctor  as  soon  as  accident  is  discovered. 

Joseph  A.  Holmes. 


REPORT  OF  THE  COMMITTEE  ON  RESUSCITATION 
FROM  MINE  GASES. 


INTRODUCTORY  STATEMENT. 

The  committee  on  resuscitation  from  mine  gases,  which  was  ap- 
pointed in  June,  1912,  has  visited  mines  in  the  bituminous  and  an- 
thracite coal  regions  in  Pennsylvania,  has  met  and  had  discussions 
with  men  engaged  in  first-aid  work,  has  witnessed  demonstrations 
of  methods  of  giving  artificial  respiration,  has  examined  critically 
these  methods,  has  studied  old  and  new  devices  to  maintain  breath- 
ing, and  as  a  result  herewith  offers  a  review  of  its  findings  and  some 
suggestions  which,  the  committee  believes,  will  increase  the  chances 
of  reviving  victims  of  mine  accidents. 

Two  classes  of  accidents  requiring  methods  for  resuscitation  occur 
in  mines — shocks  from  electric  current  and  poisoning  or  suffocation 
by  mine  gases.  Although  the  present  committee  was  not  asked  to 
consider  means  of  resuscitating  victims  of  electric  shock,  most  of  its 
members  have  been  members  of  a  commission  on  resuscitation 
from  electric  shock  and  have  had  to  deal  with  both  problems.  And 
in  some  respects  the  matters  of  primary  importance  in  both  condi- 
tions are  the  same.  Thus,  in  electric  shock,  respiration  may  be  sus- 
pended or  the  heart  may  become  ineffective  from  weakness  or  fibril- 
lary contraction  and  in  consequence  the  body  may  not  be  supplied 
with  oxygen.  Lack  of  oxygen  in  the  tissues  is  also  the  fundamental 
difficulty  in  persons  overcome  by  mine  gases.  Deprivation  of  oxj^gen 
for  about  10  minutes  may  injure  irremediably  some  of  the  most  essen- 
tial nerve  cells  of  the  brain.  In  both  conditions,  therefore,  the  prime 
necessity  for  promoting  survival  is  the  prompt  renewal  of  a  proper 
supply  of  oxygenated  blood.  From  this  it  follows  that,  when  spon- 
taneous breathing  has  stopped,  methods  of  artificial  respiration  are 
the  most  valuable  means  of  bringing  back  a  normal  condition  of  the 
body.  And  yet  not  all  methods  are  equally  useful  for  this  purpose, 
even  though  they  may  cause  an  equal  ventilation  of  the  lungs.  The 
reasons  for  this  statement  will  become  clear  if  one  considers  the 
various  conditions  of  accident  that  bring  about  a  serious  diminution 
of  oxygen  in  the  tissues. 
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8  RESUSCITATION    FROM    MINE    GASES. 

SIMPLE  ASPHyXlATIOX. 

If  in  electric  shock  the  nervous  control  of  the  muscles  of  respira- 
tion be  temporarily  paralyzed,  the  heart  continues  for  a  few  minutes 
to  pump  blood  through  the  body,  but  because  the  blood  is  not  sup- 
plied Avith  oxygen  the  heart  soon  stops  beating  effectively  and  the 
victim  dies  of  asphyxia.  The  same  result  follows  in  drowning  and 
likewise  in  suffocation  when  carbon  dioxide  or  methane  or  excess 
of  nitrogen  has  replaced  the  oxygen  of  the  atmosphere.  In  such 
cases  artificial  respiration,  in  which  the  lungs  are  at  once  adequately 
supplied  with  ordinary  air,  is  a  sufficient  treatment. 

CARBON    MONOXIDE    POISONING. 

If  the  victim  has  been  overcome  by  carbon  monoxide  (CO),  the 
principal  poisonous  substance  in  illuminating  gas,  in  the  return  air 
from  mine  fires,  and  in  the  gases  after  mine  explosions,  the  case  is 
somewhat  different.  The  poisonous  character  of  this  substance  de- 
pends primarily  upon  its  strong  chemical  affinity  for  the  hemoglobin 
of  the  blood — the  substance  that  normally  transports  from  the  lungs 
through  the  body  the  oxygen  used  by  the  tissues.  The  affinity  of  CO 
for  hemoglobin  is  between  two  and  three  hundred  times  as  great 
as  that  of  oxygen  for  hemoglobin.  Carbon  monoxide,  however,  does 
not  form  a  permanent  combination  with  hemoglobin  any  more  than 
does  oxygen,  but  unites  with  it  or  separates  from  it  according  to  the 
law  of  mass  action  in  amounts  determined  by  the  partial  pressure 
of  oxygen  and  CO  in  the  atmosphere  breathed. 

When  a  miner  after  a  coal-dust  explosion,  or  a  person  in  a  room 
into  which  gas  is  escaping,  breathes  for  a  number  of  hours  an  at- 
mosphere containing  a  small  proportion  of  CO  a  condition  of  partial 
saturation  of  the  hemoglobin  is  attained.  Thus  if  air  containing 
only  0.1  per  cent  of  CO  be  breathed  continuously,  it  will,  because 
of  its  great  affinity,  unite  with  about  half  the  hemoglobin  of  the 
blood.  The  hemoglobin  combined  with  CO  can  not  transport  oxygen, 
and  the  subject  is  thus  brought  into  a  condition  of  partial  suffocation. 
As  the  demands  of  the  tissues  for  oxygen  vary  with  their  activity, 
the  first  effect  is  a  lessened  ability  to  work.  Walking  becomes  diffi- 
cult, then  impossible ;  after  a  time  consciousness  is  lost ;  and  ulti- 
mately, unless  he  is  removed  from  the  poisonous  atmosphere,  the 
patient  dies  from  asphyxiation. 

If  before  death  the  subject  be  brought  into  an  atmosphere  free 
from  CO  the  combination  between  this  gas  and  hemoglobin  imme- 
diately begins  to  break  up.  The  separation  is  more  rapid  if  pure 
oxygen  be  breathed.  Even  if  merely  air  be  breathed  the  hemoglobin 
may  thus,  after  10  or  15  minutes,  be  freed  to  a  degree  sufficient  to 
transport  the  necessary  proportion  of  oxygen — that  is,  the  percentage 
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of  saturation  of  hemoglobin  with  CO  may  be  reduced  below  the 
danger  point.  Usually  within  six  or  eight  hours  practically  all  the 
CO  is  eliminated,  and  the  hemoglobin  is  then  just  as  efficient  for  the 
transportation  of  oxygen  as  if  the  subject  had  never  been  poisoned. 

CAUSE   OF   AFTER   EFFECTS    OF   CARBON    MONOXIDE   POISONING. 

In  spite  of  the  elimination  of  CO,  however,  in  a  large  percentage 
of  cases  the  subject  does  not  recover.  He  may  die  during  the  next 
few  days,  or  weeks,  or  may  continue  to  live  with  impaired  sight  or 
disturbed  mentality.  These  effects,  however,  according  to  available 
evidence,  are  in  the  main  not  due  to  a  direct  poisonous  action  of  CO, 
but  to  deprivation  of  oxygen.  Men  emploj-ed  in  gas  works  and  con- 
stantly breathing  amounts  of  CO  insufficient  to  interfere  with  oxygen 
transportation  by  the  blood  do  not  show  cumulative  ill  effects  which 
can  be  definitely  ascribed  to  CO  poisoning.  And  in  animals  that 
have  no  hemoglobin  CO  is  an  entirely  inert-gas.  Thus  insects  in  an 
atmosphere  containing  even  a  high  percentage  of  the  gas  are  quite 
unaffected  so  long  as  there  is  a  percentage  of  oxygen  present  reason- 
ably equivalent  to  that  in  air.  Furthermore,  as  Haldane  has  shown, 
a  mouse  just  overcome  by  CO  recovers  quicldy  and  will  even  run 
about  if  exposed  to  two  atmospheres  of  oxygen  in  a  pressure  chamber, 
so  that  a  quantity  sufficient  to  supply  bodily  needs  can  be  carried  by 
the  blood  in  sunple  solution.  Such  a  mouse  removed  to  air  may 
suffer  a  recurrence  of  symptoms  if  it  has  not  breathed  the  oxygen 
long  enough  to  set  free  from  CO  a  sufficient  amount  of  its  hemoglobin. 
In  persons  dying  as  the  result  of  CO  poisoning,  the  blood,  if  they 
have  survived  more  than  12  hours,  usually  contains  no  noteworthy 
amount  of  this  gas.     "Wliat,  then,  is  the  cause  of  death? 

At  autopsy  such  cases  exhibit  distinct  areas  of  cell  degeneration  in 
the  brain.  From  this  and  other  evidence  it  is  clear  that  the  fatalities 
are  the  result  of  an  insufficient  oxygen  supply  during  the  time  the 
subject  was  breathing  the  atmosphere  containing  CO.  If  the  patho- 
logical changes  are  well  started  no  amount  of  oxj-gen,  nor  any  other 
treatment,  can  restore  the  damaged  nerve  cells.  If  they  have  not 
been  much  damaged  recovery  may  follow  even  without  therapeutic 
assistance.  .  There  is,  perhaps,  no  class  of  cases  of  disease,  or  of  any 
form  of  poisoning,  in  which  it  is  so  difficult  for  even  an  expert  to 
decide  with  any  degree  of  accuracy  whether  such  treatment  as  was 
given  played  any  considerable  part  in  the  recovery  of  the  patient. 

RECOVEKV    FROM    CARBON    MONOXIDE    POISONING. 

A  large  number  of  the  cases  of  illuminating-gas  poisoning  that 

happen  in  all  American  cities  in  which  the  illuminating  gas  contains 

a  high  percentage  of  water  gas  recover  spontaneously.     The  subject 

is  found  in  the  morning  in  a  room  smelling  strongly  of  gas,  uncon- 
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scions,  breathing  stertorously,  with  eyes  half  closed  and  rolling,  and 
with  teeth  clenched.  The  person  making  the  discovery  turns  off  the 
gas,  opens  the  windows^  and  telephones  for  the  doctor  and  for  the 
ambulance.  By  the  time  such  assistance  arrives  the  mere  breathing 
of  fresh  air  has  already  reduced  the  amount  of  CO  in  the  blood,  so 
that  the  hemoglobin  set  free  is  sufficient  to  transport  the  oxygen  that 
the  patient  needs.  If  the  degenerative  process  in  the  brain  cells  has 
not  been  started  before  the  patient  was  discovered  recover^'  ensues. 
If,  on  the  other  hand,  the  amount  of  hemoglobin  combined  with  CO 
exceeded  a  figure  between  60  and  70  per  cent,  so  that  only  30  to  40 
per  cent  of  the  hemoglobin  was  available  for  the  transporting  of 
oxygen,  and  if  the  patient  has  been  in  this  condition  for  half  an  hour 
or  more,  degenerative  processes  will  have  started  and  death  or  serious 
nervous  or  mental  impairment  will  certainly  follow. 

At  the  time  when  the  patient  is  discovered,  or  even  for  an  hour  or 
more  thereafter,  it  is  quite  impossible  for  anyone  to  state  whether 
the  degree  of  poisoning  has  passed  the  danger  point.  The  subject 
may  be  profoundly  unconscious  and  not  only  seemingly  but  actually 
at  the  point  of  death,  and  j^et  if  the  length  of  time  during  which  the 
deficient  oxygenation  of  the  brain  cells  has  continued  has  not  been 
loo  great,  a  half  hour  in  the  fresh  air  will  be  enough  to  effect  a  seem- 
ingly remarkable  recovery.  It  is  a  natural  mistake  for  the  attending 
family  or  ambulance  physician  to  regard  the  recovery  as  due  to  his 
efforts,  when  as  a  matter  of  fact  it  might  have  occurred  if  he  had 
done  nothing  whatever.  It  is  altogether  probable  that  many  of  the 
brilliant  recoveries  claimed  in  the  newspapers  as  due  to  this  or  that 
device  occurred  in  victims  who  were  breathing  spontaneously  and 
therefore  did  not  require  artificial  respiration. 

^.EED    OF    OXYtlE^^ 

As  in  simple  asphyxia,  however,  so  also  in  carbon  monoxide  poison- 
ing, there  is  a  critical  period  beyond  which  recovery  is  out  of  the 
question.  It  is  of  the  utmost  importance  in  every  case,  therefore,  to 
supply  the  cells  with  oxygen  as  soon  as  possible  on  the  chance  that 
the  critical  period  has  not  been  reached.  And  because  the  surrender 
of  the  carbon  monoxide  by  hemoglobin  proceeds  more  rapidly  when 
pure  oxj'gen  is  breathed,  and  further,  because  breathing  pure  oxygen 
increases  the  supply  to  the  tissues  by  increasing  the  amount  dissolved 
in  the  blood,  the  proper  treatment  for  CO  poisoning  is  the  breathing 
of  oxygen.  If  the  victim,  though  unconscious,  is  breathing  in  nearly 
the  normal  manner,  he  may  be  allowed  to  inspire  the  oxygen  himself. 
If  the  breathing  is  slow  and  irregular,  or  if  it  has  stopped  entirely, 
as  may  be  the  case  in  sudden  exposure  to  concentrated  CO,  artificial 
respiration  should  be  performed  but  with  the  administration  of 
oxygen. 


MANUAL    METHODS    OF    ARTIFICIAL   RESPIRATION.  H 

In  both  simple  asphyxia  and  in  asphyxia  from  CO,  and  CO,  there- 
fore, artificial  respiration  may  be  essential  to  the  recovery  of  the 
victim,  so  that  a  consideration  of  the  efficiency  of  different  means  of 
artificial  respiration  is  obviously  important.  Two  general  methods 
of  producing  artificial  respiration  are  advocated:  (1)  The  manual 
method,  which  can  be  utilized,  wherever  the  air  is  good,  by  any  in- 
telligent adult;  and  (2)  the  mechanical  method  by  which  the  lungs 
are  inflated  by  pumping  air  or  oxygen  into  them.  These  two  general 
methods  will  be  considered  in  turn. 

MANUAL  METHODS  OF  ARTIFICIAL  RESPIRATION. 

SILVESTER  AND  SCHAEFER  METHODS. 

The  older  rules  for  artificial  respiration,  which  have  been  widely 
published  in  this  country,  described  the  Silvester  method,  in  which 
the  victim  of  the  accident  is  laid  on  his  back  and  his  chest  is  expanded 
and  compressed  by  drawing  forward  his  arms  and  then  pushing  them 
back  against  his  ribs.  A  new  method  of  artificial  respiration  de- 
vised by  Prof.  E.  A.  Schaefer,  of  Edinburgh,  and  called  by  him  the 
"  prone-pressure  method,"  has  of  late  years  been  strongly  advocated. 
It  consists  in  laying  the  victim  on  his  belly  and  applying  the  pressure 
rhythmically  on  the  loins  and  lowest  ribs. 

ADVANTAGES  OF  SCHAEFER  METHOD. 

The  advantages  claimed  for  the  prone-pressure  method  over  the 
Silvester  method  are:  (1)  Greater  simplicity  and  ease  of  perform- 
ance, (2)  absence  of  trouble  from  the  tongue  falling  back  and  block- 
ing the  air  passages,  (3)  little  danger  of  injuring  the  liver  or  breaking 
the  ribs  if  pressure  be  gradually — not  roughly — applied,  and  (4) 
larger  ventilation  of  the  lungs. 

LARGER  VKNTILATION  OF  THE  LUNGS. 

There  is  no  question  regarding  the  first  three  of  these  claims.  The 
claim  for  larger  ventilation  Prof.  Schaefer  supported  by  experiment- 
ing on  conscious  human  subjects.  He  compared  volumes  of  air  taken 
into  and  expelled  from  the  lungs  by  the  prone-pressure  method  and 
by  other  manual  procedures  of  artificial  respiration.  His  results 
showed  a  to-and-fro  tide  of  air  sufficient  to  maintain  life  indefinitely 
when  the  prone-pressure  method  was  used,  but  a  volume  considerably 
less  than  normal  when  the  Silvester  and  other  methods  were  em- 
ployed. 

Prof.  Schaefer's  claim  for  larger  ventilation  with  his  method  was 
examined  by  Drs.  Henderson  and  Cannon,  mainly  on  conscious, 
healthy  men,  and  by  Dr.  Meltzer  on  animals  in  a  paralyzed  state. 
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When  a  conscious  person  is  placed  in  the  prone  position  and  artificial 
respiration  is  substituted  for  normal  breathing,  the  result  indeed  is  a 
taking  in  and  a  giving  forth  of  air  in  practically  the  usual  amounts, 
as  can  be  shown  by  a  gasometer.  Consequently,  when  the  operator 
ceases  the  rhythmic  pressure,  the  subject  at  once  takes  up  his  natural 
breathing  again.  He  does  not  breathe  more  rapidly,  as  he  would  if 
the  artificial  respiration  had  been  insufficient;  nor  does  he  cease 
breathing  for  a  moment,  as  he  probably  would  if  the  artificial  respi- 
ration had  been  excessive. 

The  tests  made  by  Drs.  Cannon  and  Henderson  showed  that  the 
pressure  applied  in  the  Schaefer  method  is  quite  sufficient  to  expel 
the  air  from  the  lungs  to  a  degree  not  surpassed  by  vigorous  efforts 
at  expiration.  Not  only  is  the  chest  diameter  lessened  from  front  to 
back,  but  further,  because  the  pressure  on  the  abdominal  viscera  tends 
to  force  the  diaphragm  upwards,  the  length  of  the  chest  is  also 
lessened.  Schaefer  declared  that  the  natural  elasticity  of  the  chest 
and  abdomen  causes  a  resumption  of  their  original  positions  as  soon 
as  pressure  is  removed,  and  that  consequently  air  passes  into  the  lungs 
as  in  natural  inspiration. 

The  fundamental  question,  however,  is  whether  the  taking  in  of  air 
because  of  the  elasticity  of  the  parts  will  be  the  same  in  an  un- 
conscious as  in  a  conscious  person.  If  the  muscles  continue  to  exert 
their  moderate  contraction  or  tone,  as  in  a  conscious  person,  the  parts 
disturbed  by  pressure  will  evidently  be  restored  to  their  former  posi- 
tions more  completely  than  if  the  muscles  are  toneless.  Besides  this 
tonic  contraction  of  the  muscles  as  an  aid  to  inspiration,  it  is  highly 
l^robable  that  quite  involuntarily  the  conscious  subject  permits  the 
normal  nervous  and  muscular  mechanism,  which  naturally  acts  with- 
out involving  volition,  to  expand  the  chest  and  thus  take  in  the  air. 
While  instructing  students  in  the  use  of  the  different  methods  of 
artificial  resf)iration,  Drs,  Cannon  and  Henderson  noticed  that  in- 
variably natural  breathing  was  resumed  after  a  period  of  artificial 
ventilation  of  the  lungs,  without  any  indication  of  too  little  respira- 
tion or  too  much.  This  observation  aroused  the  suspicion  that  the 
ventilation  was,  in  fact,  being  regulated  by  the  subject  involuntarily. 
Consequently  a  testing  of  the  methods  of  artificial  respiration  under 
conditions  as  near  as  possible  to  those  in  a  breathless,  toneless  sub- 
ject is  desirable. 

EFFECTS    OF    OVERVENTILATION    OF    LUNGS. 

A  critical  examination  of  the  Schaefer  and  other  methods  of  arti- 
ficial respiration  was  undertaken  by  Dr.  Henderson  on  students,  who 
experienced  after  overventilating  their  lungs  by  two  or  three  minutes 
of  voluntary  forced  respiration  a  lack  of  desire  to  breathe  (apnoea). 
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lasting  from  40  to  80  seconds.  Schaefer  had,  indeed,  produced  in  his 
tests  some  degree  of  apnoea,  but  his  subjects  took  only  "several  deep 
respirations,"  and  the  apnoea  seems  to  have  lasted  only  a  brief  period 
during  the  first  part  of  the  artificial  respiration.  In  subjects  in  true 
apnoea  the  tone  of  the  muscles  would  be  largely  retained,  but  the 
tendency  to  active  inspiration  after  the  breath  was  pressed  from  the 
chest  would  probably  be  reduced  to  a  minimum.  The  following 
figures,  obtained  b}'  Dr.  Henderson,  show  the  amount  (in  cubic 
centimeters)  of  the  exchange  of  air  as  measured  by  a  gasometer 
connected  with  the  subject's  mouth,  in  men  in  true  apnoea,  and 
again  without  this  condition,  by  different  methods  of  artificial 
respiration : 


Subject  normal. . . 
Subject  in  apnoea . 


Silvester 
method. 


C.c. 
500-600 
150-200 


Schaefer 

method,  arms 

flexed  at 

the  sides. 


C.c. 
500-600 
12O-200 


Schaefer 

method,  arms 

stretched 

forward. 


C.c. 
501-600 
200-300 


Natural 
breathing, 
at  the  same 
rate  as  the 

artificial. 


C.  c. 
500-600 


It  was  noted  that  in  every  case,  as  the  period  of  apnoea  came  to  an 
end,  the  movements  of  the  chest  were  increased  involuntarily  to 
approximately  the  normal  extent.  In  some  cases  the  artificial  move- 
ments (on  nonapnonic  subjects)  were  of  somewhat  greater  amplitude 
than  the  natural,  but  the  rate  was  correspondingly  slower,  so  that 
they  got,  or  rather,  quite  involuntarily,  they  took,  exactly  the  amount 
of  air  that  the}^  needed — no  more,  and  no  less. 

Further  evidence  that  the  neuromuscular  mechanism  of  respira- 
tion in  the  subject  is  operative  in  tests  of  these  methods  made  under 
normal  conditions  was  obtained  in  observations  on  Dr.  Henderson 
himself,  made  b}'  Dr.  J.  S.  Haldane  in  the  course  of  some  experi- 
ments carried  on  bj'^  them  in  Oxford  during  the  summer  of  1913. 
After  true  apnoea  Dr.  Henderson  recovers  natural  respiration  only 
after  passing  through  a  stage  of  Cheyne-Stokes  breathing;  that  is, 
breathing  in  periodic  groups  of  respirations.  During  the  apnoea  fol- 
lowing forced  breathing  the  use  of  the  Schaefer  method  caused  in 
him  considerably  less  than  the  normal  exchange  of  resjjiratorj'^  gases, 
as  measured  by  a  gasometer.  At  the  end  of  the  apnoea  the  gasometer 
began  to  show  a  considerably  greater  exchange,  but  in  a  periodic 
manner,  corresponding  to  the  Cheyne-Stokes  breathing  which  in 
Dr.  Henderson  normally  follows  the  apnoea.  Of  this  he  was  quite 
unconscious.  In  other  words,  the  artificial  respiration  manifested 
clearly  the  peculiarities  of  Dr.  Henderson's  own  reaction  to  apnoea, 
showing  that  it  was  his  condition,  and  not  merely  the  movements  of 
Ihe  operator,  that  determined  the  ventilation. 


14  BESUSCITATION    FEOM    MINE    GASES. 

According  to  the  results  obtained  with  the  subjects  in  apncea,  the 
Silvester  method  is  someAYhat  more  effective  than  the  Schaefer 
method  with  the  subject's  arms  at  his  sides.  The  Schaefer  is  the  bet- 
ter of  the  two  when  the  prone  pressure  procedure  is  reinforced  by 
the  inspiratory  position  of  the  chest  that  the  drawing  of  the  arms 
forward  tends  to  induce.  In  both,  however,  the  exchange  of  air  is 
considerably  less  than  the  usual  normal  tidal  volume  (about  450 
c.  c). 

These  results  have  recently  been  confirmed  by  Liljestrand,  Wollin, 
and  Nilsson,*^  who  found  that  the  amount  of  air  moved  by  artificial 
respiration  when  the  conscious  subject  was  in  apnoea  was  much  less 
than  in  experiments  when  the  same  subject  was  not  in  apncea.  These 
Swedish  observers  report  an  insignificantly  greater  tide  of  air,  about 
0.01  liter,  with  the  Silvester  than  with  the  Schaefer  method.  They 
paid  no  attention  to  the  position  of  the  subject's  arms,  however, 
which  we  may  assume  not  to  have  been  drawn  forward.  In  fact,  so 
far  as  we  are  aware,  the  advantage  of  having  the  subject's  arms  ex- 
tended beside  his  head,  so  as"  to  pull  the  ribs  outward  into  a  more 
nearly  inspiratory  position  than  is  otherwise  afforded,  has  not  pre- 
viously been  referred  to  by  any  writer,  although  it  has  been  reported 
that  this  position  has  been  used  by  English  coast  guards.  The  ex- 
periments above  reported  fully  demonstrate  its  importance. 

EFFECTS    OF    ARTIFICIAL   RESPIRATION    ON    A   TONELESS    BODY. 

The  observations  of  Liljestrand,  Wollin,  and  Xilsson  (in  part  with 
cadavers)  likewise  indicate  that  in  a  toneless  body  the  exchange  of  air 
induced  by  artificial  respiration  would  probably  be  considerably  less 
than  a  man  Avho  was  merely  in  apnoea.  The  following  observation 
by  Dr.  Henderson  points  to  the  same  conclusion,  but  suggests  that  the 
tone,  or  elasticity,  of  the  muscles  wears  off  gradually  and  is  not  en- 
tirely lost  until  after  a  period  beyond  which  resuscitation  is  in  any 
case  impossible.  The  windpipe  of  a  cat  under  chloroform  was  con- 
nected with  a  small  gasometer  and  the  volume  of  breaths  recorded. 
The  chloroform  was  then  administered  in  such  amount  that  respira- 
tion failed.  Artificial  respiration  by  the  Silvester  method  was  given. 
It  afforded  a  movement  of  the  gasometer  at  first  only  about  a  quarter 
as  large  as  the  natural,  then  a  third,  then  about  a  half,  and  then 
spontaneous  breathing  returned.  Chloroform  was  again  administered 
until  both  breathing  and  heart  action  had  ceased.  Artificial  respira- 
tion now  gave  only  15  per  cent  of  the  normal  volume.  Five  minutes 
later,  or  six  minutes  after  death,  it  was  only  8  per  cent,  and  after 
another  5  minutes  only  5  per  cent. 

»  Liljestrand,  G.,  Wollin,  G.,  and  Nilsson,  J.  O.  I'ntersuctiungen  iiber  die  Ventilation 
bei  Kiinstlicher  Atmung  beim  Menschen.  SfeandinaTisches  Archiv  fiir  Physiologic,  vol.  29, 
1913,  p.  19a 
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A  modification  of  the  Silvester  method  has  been  suggested  by 
Brosch,  in  that  the  arms  after  being  drawn  past  the  head  are  pre&sed 
downward  so  that  the  chest  is  raised  away  from  contact  with  the 
body's  support.  A  large  ventilation,  even  as  great  as  from  1  to  3 
liters  for  each  respiration,  has  been  reported  as  occurring  in  this 
I^rocedure.  But  the  violent  and  painful  character  of  the  manipula- 
tion must  lead  to  as  great  participation  as  possible  by  the  subject  in 
order  to  minimize  the  degree  of  dislocation  of  the  parts,  and  the 
volumes  of  air  breathed  in  and  out  do  not  therefore  represent  solely 
the  mechanical  effects  of  the  procedure.  The  Brosch  modification  of 
the  Silvester  method  has  not  commended  itself  as  a  means  of  artificial 
respiration. 

Dr.  Meltzer  examined  the  efficacy  of  the  Silvester  and  Schaefer 
methods  on  dogs,  after  completely  abolishing  by  means  of  curare  and 
ether  all  possibility  of  muscular  participation  of  the  animal  and  also 
a  11  muscular  tone.  Twelve  minutes  was  the  longest  time  during  which 
respiration  was  sufficient  to  keep  the  heart  beating  when  the  Silvester 
method  was  used,  whereas  with  the  Schaefer  method  the  shortest  time 
was  18  minutes  and  the  longest  31. 

The  foregoing  observations  indicate  that,  so  far  as  the  amount  of 
ventilation  of  the  lungs  is  concerned,  the  Schaefer  method,  rein- 
forced by  extension  of  the  arms  forward,  is  better  than  that  sug- 
gested by  Silvester.  And  this  advantage,  taken  in  conjunction  with 
its  greater  simplicity  and  safety,  has  led  the  committee  to  advocate 
the  prone  pressure  method  of  artificial  respiration  as  an  effective 
means  of  giving  immediate    aid. 

Following  is  a  brief  statement  of  the  proper  manner  of  using  the 
modified  prone  pressure  method.  It  can  be  used  in  cases  of  electric 
shock  after  the  victim  has  been  removed  from  the  live  conductor;  or 
in  case  of  asphyxiation  from  insufficient  oxygen  in  the  respired  air; 
or  in  cases  of  drowning,  after  froth  and  mucus  have  been  drained  and 
wiped  from  the  throat;  or  in  cases  of  CO  poisoning,  in  which  it  is 
more  effective  if  continued  with  respiration  of  oxygen  instead  of  air. 
Because  life  persists  only  a  few  minutes  after  breathing  stops,  we 
would  emphasize  as  strongly  as  possible  the  necessity  of  the  utmost 
promptness  in  applymg  the  method. 

DIRECTIONS   FOR   USING   THE  PRONE   PRESSURE   METHOD. 

Quickly  feel  with  your  finger  in  the  victim's  mouth  and  throat 
and  remove  any  foreign  body  (tobacco,  false  teeth,  etc.)  ;  then  begin 
artificial  respiration  at  once.  Do  not  stop  to  loosen  the  patient's 
clothing;  every  moment  of  delay  is  serious. 

Lay  the  subject  on  his  belly,  with  arms  extended  as  straight  for- 
ward as  possible,  and  with  face  to  one  side,  so  that  the  nose  and 
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mouth  are  free  for  breathing  (see  fig.  1).  Let  an  assistant  draw 
forward  the  subject's  tongue. 

If  possible  avoid  so  laying  the  subject  that  any  injured  places  are 
pressed  upon. 

Do  not  permit  bystanders  to  crowd  about  and  shut  off  fresh  air. 

Kneel,  straddling  the  subject's  thighs  and  facing  his  head;  rest  the 
palms  of  your  hands  on  the  loins  (on  the  muscles  of  the  small  of  the 
back)  with  thumbs  nearly  touching  each  other  and  with  fingers 
spread  over  the  lowest  ribs  (see  fig.  1). 

With  arms  held  straight,  swing  forward  slowly  so  that  the  weight 
of  your  body  is  gradually  brought  to  bear  upon  the  subject.  (See 
fig.  2.)  This  operation,  which  should  take  2  to  3  seconds,  must  not 
be  violent,  lest  internal  organs  be  injured.  The  lower  part  of  the 
chest  and  also  the  abdomen  are  thus  compressed  and  air  is  forced 
out  of  the  lungs. 


FiGCRE  1. — Schaefor  method  of  artificial  respiration.      Inspiration. 

Xow,  immediately  swing  backward  so  as  to  remove  the  pressure, 
but  leave  your  hands  in  place,  thus  returning  to  the  position  shown 
in  figure  1.  Through  their  elasticity,  the  chest  walls  expand  and  the 
lungs  are  thus  supplied  with  fresh  air. 

After  two  seconds  swing  forward  again.  Thus  repeat  deliberately 
12  to  15  times  a  minute  the  double  movement  of  compression  and 
release — a  complete  respiration  in  4  or  5  seconds.  If  a  watch  or 
a  clock  is  not  visible  follow  the  natural  rate  of  3'our  own  deep 
breathing,  swinging  forward  with  each  expiration  and  backward 
with  each  inspiration. 

While  this  is  being  done  an  assistant  should  loosen  any  tight  cloth- 
ing about  the  subject's  neck,  chest,  or  waist. 

Continue  artificial  respiration  (if  necessary)  two  hours  or  longer, 
without  interruption,  until  natural  breathing  is  restored  or  until  a 
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physician  arrives.  Even  after  natural  breathing  begins,  carefully 
watch  that  it  continues.    It  it  stops,  start  artificial  respiration  again. 

During  the  period  of  operation  keep  the  subject  warm  by  apply- 
ing a  proper  covering  and  by  laying  beside  his  body  bottles  or  rubber 
bags  filled  with  warm  (not  hot)  water.  The  attention  to  keeping 
the  subject  warm  should  be  given  by  an  assistant  or  assistants. 

Do  not  give  any  liquids  whatever  by  mouth  until  the  subject  is 
fully  conscious. 

As  a  manual  procedure  is  not  well  learned  merely  by  reading  about 
it,  superintendents,  foremen,  and  others  having  charge  of  men  should 
give,  to  all  employees,  practical  instructions  and  demonstrations  on 
the  use  of  the  method. 


Figure  2. — Schaefer  method  of  artificial   respiration.     Expiration. 

MECHANICAL    DEVICES    FOR    ARTIFICIAL    RESPIRATION. 

THE  NEED  FOR  MECHANICAL  DEVICES. 

In  experimental  attempts  to  cause  death  of  animals  by  ether,  chloro- 
form, illuminating  gas,  drowning,  respiration  sometimes  returns 
spontaneously  after  a  complete  suspension  of  two  minutes  and  longer. 
For  this  reason  it  is  often  difficult  to  decide  whether  the  restoration 
of  respiration  was  really  brought  about  by  any  manipulation  that 
was  applied.  Only  when  such  manipulation,  applied  to  a  living  ani- 
mal unable  to  breathe,  keeps  up  a  sufficient  exchange  of  respiratory 
gases  to  maintain  the  circulation  for  a  considerable  period,  and  spon- 
taneous respiration  does  not  set  in  when  the  manipulation  is  stopped, 
is  the  conclusion  strictly  justified  that  the  manipulation  is  efficient 
for  artificial  respiration.  The  keeping  alive  of  animals  completely 
paralyzed  with  curare  by  artificial  respiration  is  therefore  most 
rigorous  proof  for  the  efficiency  of  any  method. 
49772°— 14 3 
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The  methods  applied  to  human  beings  have  not  been  tested  in  this 
rigid  manner.  The  air  exchange  effected  by  the  various  methods  has 
been  determined  on  healthy,  conscious  individuals,  not  on  the  relaxed 
victims  of  electric  shock,  drowning,  or  asphyxiation.  And  the  recov- 
ery of  the  victims  by  one  method  or  another  is  cited  as  evidence  of 
the  value  of  the  method.  Keith  '^  has  examined  the  annual  reports  of 
the  Eoyal  Humane  Society  for  the  past  140  years  and  in  hundreds 
of  instances  recovery  of  the  seemingly  drowned  has  been  reported 
when,  at  different  times,  the  chief  means  employed  was  fumigation 
(rectal),  or  warmth,  or  inflation  (mouth  to  mouth),  or  friction,  or 
artificial  respiration  by  manual  methods,  or  combinations  of  these. 
As  a  certain  percentage  of  cases  recover  spontaneously,  each  one  of 
these  methods  has  been  credited  with  causing  recovery.  And  yet 
some  of  them,  as  fumigation,  friction,  or  warmth,  certainly  have  no 
direct  effect  on  breathing. 

IMPORTANCE   or  ARTIFICIAL  RESPIRATION. 

Although  the  manual  methods  of  artificial  respiration  provide  an 
exchange  of  air  the  amount  of  which  in  the  toneless  victim  has  not 
been  accurately  determined,  they  probably  afford  in  many  instances 
a  sufficient  exchange  until  dangers  from  temporary  causes  are 
averted-  Thus  in  mild  cases  of  respiratory  failure  in  which  reflex 
irritability  of  the  breathing  mechanism  is  retained,  and  therefore  a 
tendency  to  recovery  exists,  these  methods  may  be  of  the  utmost 
value  in  reestablishing  the  normal  movements.  Certainly  in  all 
cases,  when  breathing  is  suspended  and  no  better  means  is  at  hand 
to  supply  air  to  the  lungs,  manual  methods  should  be  used,  and  of  these 
the  most  commendable  is  the  prone  pressure  method,  with  arms  ex- 
tended forward.  Even  a  relatively  poor  method  of  artificial  respira- 
tion, if  begim  immediately,  may  maintain  life  and  permit  ultimate 
recovery  in  cases  in  which  an  ideal  method  with  all  the  resources 
of  laboratory  and  hospital  would  be  ineffective  after  a  delay  of  a 
few  minutes.  If,  owing  to  delay,  the  cells  of  the  brain  have  been  de- 
prived of  their  supply  of  oxygen  for  more  than  the  critical 
period  (rarely  more  than  10  minutes)  it  is  utterly  impossible  for 
any  later  treatment  to  restore  them  to  their  normal  condition. 

Because  the  amount  of  ventilation  supplied  by  the  best  manual 
method  may  be,  in  apnceic  subjects,  close  to  a  dangerous  minimum, 
mechanical  devices,  assuming  more  efficient  respiration  are  desirable. 
In  order  to  test  the  action  of  devices  now  being  advocated,  a  sub- 
committee consisting  of  Dr.  Meltzer,  chairman,  and  Drs.  Henderson 
and  Cannon  was  appointed.  The  apparatus  examined  was  used 
carefully  according  to  directions. 

«  Keith,  Arthur,  The  mechanism  underlying  the  various  methods  of  artificial  respiration. 
Lecture  3.     Lancet,  vol.  1  for  1909,  p.  897. 
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COMMERCIAL    MECHANICAL   DEVICES. 

Four  machines  for  performing  artificial  respiration  are  now  in  the 
market — the  piilmotor,  the  Dr.  Brat  apparatus,  the  hmgmotor,  and 
the  Salvator.  The  last  two  devices  have  not  been  examined  by  this 
committee.  The  first  two  machines  are  alike  in  providing  for  in- 
spiration by  oxygen  pressure  and  for  expiration  by  suction.  In  the 
pulmotor  the  inspiratory  air  is  claimed  to  contain  60  per  cent  oxy- 
gen, whereas  in  the  Dr.  Brat  apparatus  pure  oxygen  is  used.  In  the 
latter  apparatus  the  respiratory  changes  are  made  by  hand^  whereas 
in  the  pulmotor  they  are  made  automatically  by  the  mechanism  of 
the  instrument.  Dr.  Brat's  apparatus  was  used  while  its  inventor 
was  alive  to  some  extent  by  surgeons  in  experimental  intrathoracic 
work.    The  pulmotor  has  received  wide  publicity  in  the  daily  press. 

THE    PULMOTOR. 

The  pulmotor  is  manufactured  by  the  well-known  Draegerwerks 
in  Lubeck.  Germany,  which  makes  various  anesthesia  and  rescue  ap- 
paratus. Although  several  years  have  passed  since  the  pulmotor  was 
introduced  in  Germany,  the  medical  literature  of  that  country  has 
only  one  publioation  on  this  machine,  a  short  article  by  Dr.  Roth," 
known  for  the  Roth-Draeger  anesthesia  apparatus.  In  this  ar- 
ticle Dr.  Roth  states  that  he  made  experiments  on  animals  and 
human  cadavers  with  the  machine  several  years  before.  He  found 
that  air  is  liable  to  be  driven  into  the  stomach,  but  that  this  can  be 
prevented  by  pressure  on  the  trachea.  Although  years  passed  after 
the  introduction  of  this  apparatus,  and  although  Germany  has  many 
life-saving  societies,  no  medical  report  of  its  use  in  a  single  case  has 
appeared  in  the  very  prolific  medical  literature  of  that  country. 
Jelineck  ^  mentions  the  efficiency  of  the  pulmotor.  but  his  knowledge 
of  the  machine  is  derived  from  the  brief  article  of  Dr.  Roth  and 
from  a  report  sent  to  him  that  Dr.  Sherman  in  Pittsburgh  saved  two 
lives  with  this  machine. 

REFERENCES   TO   THE   PULMOTOR    IN    MEDICAL    PUBLICATIONS    IN    THE    UNITED    STATES. 

In  the  medical  literature  of  this  country  four  notices  have  been 
found,  as  follows: 

The  Journal  of  the  American  Medical  Association  for  August  31, 
1912,  contains  an  answer  to  a  question  regarding  the  pulmotor,  with 
a  reference  to  Dr.  Roth's  article  and  to  the  reports  in  Chicago  news- 
papers. 

McCombes,  of  Philadelphia,  in  an  article  on  illuminating  gas 
poisoning  in  the  American  Journal  of  Medical   Sciences.  October, 

<*  Roth,  — ,  Maschinelle  Kiinstliche  Atmung.  Berliner  klinische  Wochenschrift,  vol.  IS, 
Sept.  18,  1911,  p.   1729. 

*  Jelineck,  S.,  Organisation  und  Durchfiihrung  der  ersten  Ililfe  bei  elecktrischen  Um- 
fallen.     Wiener  klinische  Wochenschrift,  vol.  25,  1912,  p.  962. 
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1912,  says  of  the  pulmotor'^:  "  It  maintains  artificial  respiration  per- 
fectly. Keports  from  all  over  the  country  relative  to  its  efficiency 
have  been  received.  Whenever  possible  it  should  be  used."  He  does 
not  say  from  whom  and  by  whom  the  reports  were  received.  From  a 
study  of  the  wording  of  this  writer  it  is  highly  probable  that  he  had 
neither  personal  experience  with  cases  nor  any  medical  literature  at 
his  disposal. 

In  Volume  VI  of  Keen's  Surgery  is  an  article  by  W.  L.  Estes,  direc- 
tor and  physician  and  surgeon  in  chief  at  South  Bethlehem,  Pa.,  in 
which  there  is  a  picture  of  the  pulmotor  in  the  act  of  resuscitation. 
Quoting  from  The  Survey  he  states  that  the  Red  Cross  first-aid  car 
is  equipped  with  "  the  pulmotor  for  restoring  respiration  to  asphyxi- 
ated persons." 

In  the  Journal  of  the  American  Medical  Association,  March  8, 

1913,  page  738,  Dr.  Morris  Fishbein,  of  Chicago,  reports  a  case  in 
which  a  patient  who  had  been  poisoned  with  CO  was  subjected  to 
the  action  of  the  pulmotor  for  several  hours.  After  nearly  five  days 
of  unconsciousness  the  patient  died.  At  autopsy  hemorrhage  into  the 
Jungs  and  visceral  pleura  were  found,  together  with  subpleural 
emphysema  (dilated  areas)  of  the  right  lung,  and  the  question  was 
raised  as  to  whether  these  pathological  conditions  did  not  result  from 
the  use  of  the  pulmotor.  In  none  of  these  instances  is  there  a  care- 
ful account  of  the  action  of  the  instrument.  And  only  when  an 
observer  publishes  his  experience  in  detail,  gathered  in  a  number  of 
cases,  can  we  judge  whether  his  observations  are  unbiased,  his  state- 
ments truthful,  and  his  conclusions  justifiable. 

RECORDS   OF   CASES   IN    WHICH    THE   PULMOTOR    WAS   USED. 

By  the  kindness  of  the  head  physician  to  the  Edison  Co.,  of  New 
York,  opportunity  was  obtained  to  examine  21  records  of  gas  poison- 
ing in  which  the  pulmotor  was  reported  as  having  been  used  with  I 
success.  Most  of  the  reports  were  written  by  chauffeurs  and  only  a 
few  by  physicians.  In  most  of  the  reports  no  distinction  was  made 
between  unconsciousness  and  absence  of  respiration;  and,  as  already 
explained,  the  sensitiveness  of  the  higher  centers  of  the  brain  to  lack 
of  oxygen  may  result  in  unconsciousness,  while  the  centers  governing 
respiration  still  continue  active.  Indeed,  breathing  may  persist  for 
some  time  after  the  degree  of  asphj^xia  is  such  that  death  is  almost 
certain  to  ensue.  Only  in  a  few  of  these  21  cases  was  there  reason 
to  assmne  that  breathing  might  have  been  suspended.  Letters  sent 
to  the  various  physicians  mentioned  brought  either  an  unsatisfactory 
answer  or  none  at  all.  Of  two  additional  cases  that  were  reported, 
in  one  no  machine  was  used,  and  in  the  other,  a  case  of  opium  poison- 
ing, intratracheal  insufflation  was  employed  and  erroneously  regarded 
as  identical  with  the  action  of  the  pulmotor. 

» McCombes,  R.  S.,  Clinical  manifestations  of  illuminating  gas  poisoning.  Am.  Jour. 
Med.  Sci.,  vol.  144,  October,  1912,  p.  577. 
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A  series  of  reports  made  by  miners  to  the  Bureau  of  Mines  and 
another  series  made  by  several  physicians  were  examined.  The 
miners"  reports  comprise  few  cases.  In  one  case,  according  to  the 
daily  press,  the  man  was  revived  by  the  pulmotor,  though  the  report 
does  not  even  mention  the  pulmotor  and  the  physician  in  attendance 
expressed  the  belief  that  the  success  was  due  to  hypodermic  treat- 
ment. Of  the  remaining  nine  cases,  four  were  revived  by  the  ad- 
ministration of  oxygen  and  two  by  the  Silvester  method  of  artificial 
respiration  in  combination  with  oxygen.  In  the  seventh  case  (Webb) 
the  Silvester  method  had  been  applied  for  three  minutes  and  was 
followed  immediately  by  the  pulmotor  for  six  minutes.  In  the 
eighth  case  (Burgess)  the  pulmotor  was  first  applied  30  minutes 
after  the  victim  had  been  removed  from  the  gas  atmosphere.  No 
statement  is  made  as  to  what  was  done  for  him  in  the  interim.  In 
the  ninth  case  (Enzian)  Dr.  McGuire,  of  Wilkes-Barre,  "endeavored 
for  two  hours  to  revive  her  by  artificial  respiration.  Failing  in  this, 
a  pulmotor  was  brought  a  distance  of  8  miles,  and  under  the  manipu- 
lation of  Mr.  G.  T.  Holdaman  the  patient  was  revived  in  two  or 
three  hours."'  .Cases  8  and  9,  in  which  the  victims  lived  a  long  time 
before  the  application  of  the  pulmotor  (half  an  hour  and  two  hours), 
do  not  present  convincing  evidence.  In  case  7  the  pulmotor  did  at 
least  as  much  as  the  Silvester  method,  but  that  does  not  show  that 
it  did  more.  These  reports  are  in  no  manner  satisfactory  documents 
for  demonstrating  the  superiority  of  the  pulmotor  as  a  device  for 
artificial  respiration. 

The  second  series  consists  of  statements  of  physicians  transmitted 
by  Dr.  William  O'Xeill  Sherman,  chief  surgeon  of  the  Carnegie 
Steel  Co.  in  Pittsburgh.  It  comprises  reports  of  seven  cases  in  which 
the  pulmotor  was  used  successfully.  Dr.  Sherman  himself  reports 
two  cases.  In  the  first,  June,  1912,  a  collapse  occurred  during  an 
amputation;  "breathing  ceased,  pupils  dilated,  and  did  not  react  to 
light,  with  a  very  small  thin  pulse."  The  pulmotor  was  brought 
into  use,  and  as  a  result  the  patient  soon  began  hreathing  normaUy 
[italics  ours  here  and  elsewhere],  recovering  from  the  collapse  in 
10  minutes.  In  the  second  case,  December  20,  1912,  nitrous-oxide- 
oxygen  anresthesia  was  being  given  "  when  respiration  suddenly 
ceased,  eye  reflexes  absent,  pupils  fixed,  cyanosis  gradually  increas- 
ing, pulse  weak  and  slow.  Artificial  respiration  (Silvester  method), 
tongue  drawn  out,  cyanosis  becoming  greater.  Artificial  respiration 
was  continued  with  no  sign  of  returning  respiration  for  two  and  a 
half  minutes;  pulmotor  was  then  used,  respiration  returned  in  one 
to  one  and  a  half  mhiutes,  cyanosis  soon  cleared  up,  and  operation 
continued  under  ether." 

Dr.  Urmson,  Xew  Castle,  Pa.,  reports,  December  23,  1912,  the  case 
of  a  man  overcome  by  gas.     *     *     *     a  j^  ^^^g  impossible  to  detect 
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any  sign  of  respiration.  Mask  was  applied  and  pulmotor  started; 
in  a  sho7't  time  patient  showed  marked  signs  of  improvement."  Re- 
covered. 

Dr.  Botkin,  Duqiiesne,  Pa.,  reports,  April  20,  1912,  the  case  of  a 
strangulated  man,  his  clothes  having  been  caught  in  the  drill  of  a 
press.  Respiration  stertorous,  10  to  12  per  minute.  "  We  immedi- 
ately cleared  his  mouth  and  throat  of  mucus  and  gave  oxygen  by 
use  of  pulmotor.  It  did  splendid  work,  inflating  his  lungs  fully 
and  regularly,  and  established  normal  respiration."  [Natural  respi- 
ration had  not  stopped  in  this  case.] 

Dr.  Evans,  Union  Hills,  Youngstown,  Ohio,  reports,  December  17, 
1912,  the  case  of  a  man  overcome  by  gas,  "  unconscious,  scarcely  if  any 
respiration,  pulse  weak.  Pulmotor  applied,  kept  going  for  five 
minutes^  respiration  returned,  pulse  became  stronger,  and  conscious- 
ness returned." 

Dr.  Rossiter,  company  surgeon,  Swissvale,  Pa.,  reports  two  cases 
of  "  gassing."  In  one  case,  November  21,  1912,  "  the  patient  was  un- 
conscious, not  breathing,  no  pulse,  and  I  was  not  (sic)  able  to  detect 
only  faint  flutter  of  the  heart.  The  pulmotor  was  used,  and  in  the 
course  of  about  10  minutes  the  man  showed  signs  of  life,  and  after 
keeping  it  on  for  about  20  minutes  he  was  almost  completely  revived." 
In  the  second  case  of  "  gassing,"  December  28,  1912,  "  the  patient  was 
unconscious,  had  no  pulse,  no  signs  of  respiration,  very  feeble  heart, 
loss  of  all  reflexes.  Before  I  arrived  the  hospital  attendant  per- 
formed artificial  respiration  in  connection  with  the  inhaling  device 
of  the  pulmotor.  I  continued  this  treatment  after  my  arrival  for 
about  one-half  hour,  at  the  end  of  which  time  there  was  very  little 
change  in  the  patient.  I  then  switched  over  the  pulmotor  and  ad- 
justed it  without  pulling  out  the  tongue  or  pressing  on  the  larynx. 
In  the  course  of  a  few  minutes  he  started  to  fight  and  wanted  to  sit 
up."  [In  this  case  manual  artificial  respiration  combined  with 
oxygen  continued  the  respiratory  function  for  much  longer  than  the 
critical  period,  and  the  pulmotor  was  not  necessary.] 

In  five  of  these  cases  the  pulmotor  was  used  only  a  few  minutes, 
and,  furthermore,  respiration  was  restored  so  soon  after  it  had 
ceased  that  the  conclusion  that  the  pulmotor  was  essential  is  not 
justified.  The  evidence  is  similar  to  that  in  the  cases  of  the  seem- 
ingly drowned  previously  cited,  who  were  restored  by  fumigation 
or  friction.  In  another  case  spontaneous  breathing  was  not  absent, 
and  therefore  the  credit  of  restoration  does  not  belong  to  the  instru- 
ment. The  last  two  cases  are  the  most  favorable  to  efficiency  of  the 
pulmotor,  but  in  one  of  these  the  support  of  life  by  manual  respira- 
tion for  more  than  a  half  hour  is  even  more  in  favor  of  that  method. 

In  considering  the  claims  of  the  pulmotor  in  the  light  of  the  fore- 
going statements,  it  is  to  be  noted  that  the  witnesses  of  restoration 
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are  in  many  cases  merely  chauli'eurs  for  the  local  gas  company.  The 
pulmotor  itself  consists  of  an  apparatus  for  giving  artificial  respira- 
tion, but  includes  also  an  arrangement  for  allowing  a  subject  who 
is  breathing  spontaneously  to  inhale  oxygen.  Many  of  the  reports 
of  cases  of  alleged  recovery  by  means  of  the  pulmotor  do  not  make 
it  clear  to  Avhat  extent  the  pumps  and  to  what  extent  the  inhaling 
apparatus  was  applied.  However  effective  the  pumps  may  be  as  an 
arrangement  for  administrating  artificial  respiration,  they  can  not 
recall  the  dead;  and,  as  above  pointed  out,  persons  gradually  poi- 
soned, in  whom  respiration  has  stopped,  are  dead  beyond  the  possi- 
bility of  restoration.  On  the  other  hand,  the  oxygen-inhaling  device 
of  the  pulmotor.  although  it  is  very  simple  and  involves  nothing  new 
in  principle  or  not  found  in  other  apparatus,  presents  the  best  possi- 
ble treatment  of  victims  of  gas  poisoning  who  are  still  breathing; 
that  is,  treatment  with  oxygen.  In  all  probability  oxygen  and  not 
the  pulmotor,  however,  should  have  the  credit. 

Although  the  cases  reported  above  do  not  furnish  convincing  proof 
of  the  necessity  or  the  exceptional  value  of  the  mechanism  of  the  pul- 
motor, that  mechanism  is  probably  capable  of  creditable  perform- 
ances, and  in  some  instances  may  have  favored  the  restoration  of 
normal  breathing.  Its  present  vogue,  however,  is  not  supported 
by  a  critical  examination  of  the  principles  involved  in  its  action  or 
of  its  effects  when  used  for  long  periods.  As  stated  above,  no  well- 
considered  testimony  to  its  action  is  to  be  fomid  in  medical  litera- 
ture, and  in  this  country,  at  least,  its  loudest  sponsors  are  the  news- 
papers, which  have  spread  the  impression  that  the  pulmotor  is  a  per- 
fect and  most  reliable  resource  when  respiration  is  suspended.  In 
regard  to  such  reports  it  is  scarcely  necessary  to  point  out  that,  be- 
cause of  the  financial  interests  involved,  a  considerable  degree  of 
caution  should  be  exercised  in  estimating  their  value. 

A  high  official  of  one  of  the  important  electric  companies  in  the 
country  testified  to  a  member  of  the  committee,  "We  have  to  buy 
these  machines,  even  if  they  are  no  good,  as  an  evidence  of  our  good 
faith  and  our  desire  to  do  everything  possible  to  safeguard  the  public 
and  employees." 

EXPERIMENTS    WITH     COMMERCIAL    DEVICES    FOR    ARTIFICIAL 

RESPIRATION. 

The  effects  of  the  Dr.  Brat  apparatus  and  the  pulmotor  were 
studied  by  the  subcommittee  in  experiments  on  anesthetized  and 
curarized  animals.  The  animals  were  thus  doubly  prevented  from 
making  any  response  to  the  action  of  the  apparatus,  and  were  there- 
fore in  a  condition  analogous  to  extreme  prostration  in  man.  Tlie 
Dr.  Brat  apparatus,  procured  by  courtesy  of  the  Westfalia  Engineer- 
ing Co.,  was  used  in  only  a  few  experiments,  but  the  results  were 
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in  essential  points  similar  to  those  obtained  with  the  pulmotor  when 
Avorked  by  hand. 

One  pulmotor  used  was  loaned  by  the  Pittsbui^gh  experiment 
station  of  the  Bureau  of  Mines.  Mr.  Paul,  the  mining  engineer  in 
charge  of  rescue  work  for  the  bureau,  stated  that  the  machine  was 
in  the  same  good  working  condition  when  returned  as  it  was  when 
sent.  Another  pulmotor,  loaned  by  the  New  Haven  Gas  Co.,  was 
also  tested  and  gave  confirmatory  results. 

METHODS  USED  IN  EXPERIMENTS. 

Experiments  were  performed  on  dogs,  cats,  and  rabbits.  The  oxy- 
gen was  applied  through  specially  constructed  masks  adapted  to  the 
individual  animals.  The  efficiency  of  these  masks  was  tested  by 
other  respiratory  apparatus  at  hand  in  the  laboratory.  The  tongue 
was  kept  well  pulled  out.  In  several  experiments  the  trachea  was 
connected  by  means  of  a  lateral  cannula  with  a  water  manometer. 
]n  some  cases,  also,  the  intrapleural  pressure  was  measured,  and  in 
others  the  thorax  was  opened  and  the  behavior  and  appearance  of 
the  lungs  observed. 

Of  11  dogs  only  1  small  animal  (weight  less  than  4  kilos)  com- 
pletely curarized  could  be  kept  alive  by  means  of  the  automatically 
working  pulmotor  for  as  long  as  one  hour.  The  animal  remained  in 
fairly  good  condition,  had  about  30  respirations  per  minute^  and  no 
air  entered  the  stomach.  In  another  dog  the  usual  laboratory  method 
of  artificial  respiration  (inflation  of  the  lungs)  had  to  be  substituted 
for  2  to  3  minutes  every  8  or  10  minutes  in  order  to  keep  the 
animal  alive.  The  respiratory  movements  would  go  on  with  the  pul- 
motor regularly  for  a  Avhile,  and  then  they  would  begin  to  change 
from  a  slow  to  a  rapid  rhythm  and  the  pulse  would  gradually  become 
dangerously  slow.  In  two  other  animals  the  pulmonary  respiration 
would  continue  regularly  at  one  position  of  the  head,  but  stop  at  the 
slightest  change  from  that  position.  On  other  occasions  changes  in 
the  respiration  would  occur  without  any  visible  cause.  In  the  ma- 
jority of  the  animals  respiration  could  not  be  kept  up  even  for  five 
minutes  when  left  to  the  automatic  activity  of  the  apparatus.  The 
result  was  evidently  better  when  the  respiratory  alternations  of  the 
machine  were  guided  by  hand  so  as  to  have  16  to  20  respiratory  cycles 
per  minute.  But  even  under  these  circumstances  the  circulation  could 
rarelj''  be  kept  in  a  normal  state  for  longer  than  12  or  15  minutes. 

When  the  thorax  was  opened  the  lungs  were  seen  becoming  grad- 
ually smaller  and  smaller.  In  a  young  dog  and  in  a  cat  the  unopened 
thorax  also  was  observed  getting  smaller  as  soon  as  respiration  was 
started  by  the  pulmotor.  An  equilibrium  was  soon  reached,  and  the 
respiratory  changes  in  the  size  of  the  thorax  apparently  took  place 
then    within    the    normal    expiratory    diameters.     The    respiratory 
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changes  in  the  tracheal  manometer  were  often  only  from  a  more  to  a 
less  negative  pressnre.  never  positive.  The  changes  in  the  tracheal 
pressure  amonnted  often  only  to  80  or  40  millimeters  of  water.  When 
the  thorax  was  opened,  after  the  pulmotor  had  been  used  for  a 
while,  the  lungs  in  many  cases  presented  an  uneven  appearance — 
small  collapsed  areas  alternating  with  much  dilated  areas.  After 
the  lungs  were  connected  with  the  ordinary  laboratory  respiratory 
apparatus  this  unevenness  soon  disappeared.  When  the  pulmotor 
was  connected  directly  with  a  tracheal  tube  respiration  was  kept  tip 
in  a  more  reliable  vay,  especially  in  cats  and  rabbits. 

When  respiration  was  regulated  by  hand  air  often  entered  the 
stomach.  Pressure  upon  the  trachea  or  larynx  rather  prevented  the 
entrance  of  air  into  the  lungs  and  increased  its  entrance  into  the 
stomach. 

FACTORS    THAT    IMPAIR    EFFICIENCY    OF    PULMOTOR. 

These  observations  on  animals  indicate  that  there  are  two  factors 
which  interfere  with  the  efficiency'  of  the  pulmotor  as  a  reliable  de- 
vi'ce  for  artificial  respiration.  The  first  is  its  automatic  activity 
in  combination  with  the  ease  with  which  inspiration  is  turned 
into  expiration.  Inflation  and  deflation  of  a  bag — the  method  used 
by  agents  to  demonstrate  the  action  of  the  pulmotor — is  deceptive, 
because  the  bag,  unlike  the  air  passages  of  the  body,  offers  no  resist- 
ance till  full.  As  soon  as  the  inspiratory  blast  meets  an  obstacle  in 
the  air  passages,  however,  it  is  automatically  cut  off  and  turned  into 
expiration,  and  thus  frequently  no  efficient  inspirations  are  per- 
formed. In  lower  animals,  certainly,  the  blast  often  meets  obstacles  in 
passing  from  the  pharynx  into  the  alveoli,  and  the  inspiratory  pres- 
sure of  the  automatically  working  pulmotor  is  in  many  cases  insuffi- 
cient to  overcome  them.  When  giiided  by  the  hand  the  inspiratory 
pressure  is  permitted  to  increase;  hence  the  greater  efficiency  under 
these  circumstances. 

The  second  harmful  factor  brought  out  by  these  experiments  is 
the  performance  of  expiration  by  suction.  In  normal  respiration 
expiration  is  accomplished  by  a  power  that  does  not  suck  but  drives 
out  the  air  by  the  elasticity  of  the  distended  or  compressed  tissues, 
aided,  sometimes,  by  muscular  contraction.  The  finer  bronchioles 
have  no  cartilages ;  when  air  is  sucked  out  from  the  trachea  and  larger 
bronchi  the  walls  of  many  of  the  bronchioles  and  alveoli  are  liable  to 
collapse  and  stick  together,  so  that  the  next  inspiratory  pressure, 
which  is  barely  sufficient  to  overcome  the  elasticity  of  the  lung,  is 
not  strong  enough  to  overcome  the  additional  resistance  offered  by 
the  adherent  surfaces.  The  successive  respiratory  changes  may  there- 
fore take  place  largely  in  the  bronchial  tree  and  not  sufficiently  in  the 
alveoli — in  other  words,  there  mav  be  a  lessened  exchange  of  gases 
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while  the  movements  of  the  thorax  still  simulate  normal  respiration. 
Hence  ensue  failure  of  the  circulation  and  diminution  of  the  size  of 
the  lungs  and  the  thorax.  This  obstacle,  however,  need  not  remain 
permanent.  After  several  attempts  an  inspiration  may  finally  suc- 
ceed in  driving  air  into  all  the  isolated  alveoli  or  into  many  groups  of 
them;  hence  the  occurrence  of  changes  in  the  respiratory  rhythm  in 
some  animals  and  the  uneven  appearance  of  the  surface  of  the  lungs 
in  others.  On  the  other  hand,  in  some  one  or  other  individual 
animal  the  passage  into  the  larynx,  the  organization  of  the  bronchial 
tree,  etc.,  appear  to  be  well  adapted  to  the  rhythm  of  the  pulmotor, 
which  therefore  may  be  capable  of  keeping  up  the  respiration  even 
when  the  animal  is  completely  curarized. 

Finally,  observation  shows  that  the  entrance  of  air  into  and  the 
escape  of  air  from  the  stomach  may  cause  movements  that  simulate 
respiration,  although  actually  no  air  enters  or  leaves  the  lungs. 

Upon  the  basis  of  these  observations,  the  conclusion  was  reached 
that  the  automatic  mechanism  of  the  pulmotor,  although  an  ingen- 
ious technical  contrivance,  instead  of  assuring  artificial  respiration 
may  interfere  greatly  with  its  efficiency,  because  the  mechanism  is 
liable  to  cut  off  inspiration  prematurely.  The  management  of  the 
changes  in  the  phases  of  respiration  when  the  pulmotor  is  worked 
by  hand  is  more  reliable ;  but  when  handled  in  this  manner  no  prac- 
tical difference  exists  between  the  pulmotor  and  the  Dr.  Brat  appa- 
ratus, at  least  so  far  as  the  mechanism  is  concerned,  though  in  the 
Dr.  Brat  apparatus  a  greater  pressure  and  suction  are  produced  than 
in  the  pulmotor  and  the  Dr.  Brat  apparatus  feeds  pure  oxygen. 

In  both  machines,  however,  the  exj^iration  is  accomplished  by 
suction,  which  is  again  a  serious  defect.  The  sucking  action  of  these 
devices  might  prove  even  dangerous  if  they  were  used  continuously 
to  keep  up  respiration  for  a  long  time.  In  connection  with  the  ex- 
periments on  animals,  which  in  most  instances  could  be  continued 
only  a  relatively  short  time,  it  is  pertinent  to  recall  the  fact  that  the 
successes  reported  by  the  physicians  connected  with  the  Carnegie 
Steel  Corporation  were  obtained  in  cases  in  which  the  pulmotor  was 
used  for  only  a  short  period.  In  one  case  previously  cited  (p.  20) 
the  instrument  was  used  for  several  hours,  and  at  autopsy  pulmonary 
hemorrhage  and  emphysoma  were  found.  Although  this  case  is  not 
by  itself  decisive,  the  fact  that  in  the  lungs  the  same  pathological 
changes  were  discovered  as  were  produced  in  lower  animals  indi- 
cates the  probability  that  the  use  of  the  pulmotor  for  a  long  period 
would  have  serious  consequences.  It  is  pertinent  to  state  here  that 
the  simple  type  of  apparatus  used  in  laboratories  to  maintain  arti- 
ficial respiration  in  animals  under  experiment  is  capable  of  keeping 
a  subject  in  practically  normal  condition  for  many  hours. 
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Apart  from  the  defects  in  the  mechanical  action  of  the  pulmotor  is 
its  failure  to  serve  as  effectively  as  it  might  if  it  delivered  pure  oxy- 
gen. Haldane  and  his  pupils  have  shown  that  animals  can  live  in 
compressed  oxygen  when  the  blood  is  completely  saturated  with  CO 
and  that  animals  about  three-fourths  of  whose  hemoglobin  has  been 
converted  to  useless  methemoglobin  Avill  live  in  pure  oxygen  at  ordi- 
nary pressure,  though  they  become  unconscious  at  once  in  air.  Pure 
oxygen  at  ordinary  pressure,  therefore^  if  delivered  to  the  lungs  gives 
to  the  arterial  blood  a  very  important  supply  of  oxygen  in  physical 
solution.  The  relatively  short  time  during  which  pure  oxygen  might 
be  more  useful  than  air  in  resuscitating  victims  of  CO  poisoning 
renders  irritation  of  the  lungs  by  the  oxygen  highly  improbable.  In 
an  examination  of  the  pulmotor  by  Drs.  Haldane  and  Henderson 
analysis  of  the  air-oxygen  mixture  delivered  by  it  showed  only  26.75 
per  cent  oxygen.  The  instrument  on  which  this  test  was  made  was  a 
new  one  recently  installed  in  one  of  the  English  mines.  Since  pure 
air  contains  nearly  21  per  cent  oxygen  the  pulmotor  can  not  properly 
be  said  to  supply  oxygen  to  the  victim  in  any  considerable  percentage. 

That  both  the  Dr.  Brat  apparatus  and  ttie  pulmotor  are  heavy,  are 
expensive,  and  waste  a  great  deal  of  oxygen,  with  which  they  are  not 
sufficiently  provided,  are  minor  points  in  their  disfavor. 

The  absence  of  careful  analysis  of  the  action  of  the  pulmotor  in 
clinical  cases,  the  ease  with  which  it  may  fail  to  cause  inflation  of  the 
lungs,  the  bad  effects  that  occur  if  its  sucking  action  in  expiration  is 
permitted  to  continue  for  a  long  period,  its  failure  to  deliver  pure  oxy- 
gen in  cases  of  gas  poisoning,  are  all  important  considerations  which 
sliould  be  taken  into  account  in  judging  the  instrument.  AMien  they 
are  taken  into  accoimt  the  high  credit  given  the  machine  in  popu- 
lar opinion  seems  not  to  have  a  substantial  foundation.  In  view 
of  the  facts  obtained  by  studj^  of  the  Dr.  Brat  apparatus  and  the  pul- 
motor the  members  of  the  subcommittee  agreed  upon  the  following 
suggestions : 

In  cases  without  any  respiration,  the  pulmotor  and  the  Dr.  Brat 
apparatus  should  be  used  only  when  guided  by  hand  and  in  conjunc- 
tion with  a  manual  method  of  resuscitation. 

The  movements  of  the  hand  lever  of  the  apparatus  should  conform 
with  the  rhythm  of  the  manual  method,  which  sliould  be  not  faster 
than  12  to  15  complete  respirations  per  minute.  When  left  to  run 
automatically  the  pulmotor  is  liable  to  be  inefficient  and  dangerously 
deceptive.  In  no  event  should  the  automatic  feature  of  the  pulmotor 
be  put  into  service  on  a  subject  unable  to  breathe. 

Because  of  suction  in  the  lungs  neither  the  pulmotor  nor  the  Dr. 
Brat  apparatus  should  be  used  longer  than  for  a  few  minutes  (5  to  6) 
at  a  time,  and  should  be  alternated  with  the  manual  method  alone, 
or  in  gas  cases,  combined  with  oxygen  inhalation. 
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In  cases  of  slow  and  stertorous  breathing,  however,  both  machines 
can  probably  be  used  for  a  longer  time  with  benefit,  and  without 
danger  and  without  the  aid  of  the  manual  methods  given  in  con- 
junction. 

DR.     MELTZER'S    MECHANICAL    METHOD    OF    ARTIFICIAL    RESPI- 
RATION. 

About  a  year  ago  Dr.  Meltzer,  as  a  member  of  a  commission  on 
resuscitation  from  electric  shock,  performed  some  experiments  and 
published  a  brief  communication  on  pharyngeal  insufflation  as  a 
method  of  artificial  respiration.  His  conclusions  were  based  on  the 
following  considerations : 

When  air  is  insufflated  into  the  pharynx,  it  may  escape  from  there 
through  the  nose,  the  mouth,  into  the  stomach,  and  into  the  lungs. 
In  order  to  have  it  enter  the  lungs  the  facilities  for  escape  through 
the  other  exits  must  be  prevented  or  greatly  reduced.  With  the 
device  described  escape  of  air  through  the  nose  was  practically  pre- 
vented by  the  elastic  tube  in  the  pharynx,  which  raised  the  soft  palate 
and  thus  shut  off  the  exit  into  the  nasopharynx.  The  escape  through 
the  mouth  was  sufficiently  restricted  by  applying  pressure  under  the 
chin. 

The  evil  effects  of  the  entrance  of  air  into  the  stomach  were  met 
by  two  methods.  In  one  method  a  tube  was  introduced  into  the 
stomach;  this  tube  restricted  on  the  one  hand  the  entrance  of  air 
into  the  esophagus,  and  on  the  other  hand  readily  removed  the  sur- 
plus air  from  the  stomach.  In  the  other  method  a  heavy  weight  was 
placed  upon  the  abdomen,  which  effectively  restricted  the  entrance  of 
air  into  the  stomach  and  prevented  its  passage  into  the  intestines. 
Thus  provision  was  made  for  inspirations  by  rhythmical  insufflations 
through  a  catheter,  the  inner  end  of  which  was  placed  in  the  pharynx, 
while  the  outer  end  was  connected  with  hand  bellows  or  a  respiratory 
apparatus.  The  expirations  took  place  during  the  pauses  between 
the  insufflations  by  the  elastic  recoil  of  the  extended  ribs  and  of  the 
compressed  abdominal  viscera.  The  expired  air  escaped  through 
the  mouth  alongside  the  tube.  Experiments  on  curarized  animals 
(dogs,  cats,  rabbits,  and  monkeys)  have  shown  definitely  that  pharyn- 
geal insufflation  as  described  above  is  capable  of  keeping  up  efficient 
artificial  respiration  for  many  hours. 

"Wlien  Dr.  Meltzer  later  attempted  to  apply  this  method  on  human 
beings,  he  found  that  it  failed  to  work;  here  the  insufflated  air  es- 
caped so  readily  through  the  nose  and  mouth  that  the  remaining 
pressure  was  insufficient  to  produce  an  inspiration.  During  the  past 
year,  in  connection  with  the  work  of  the  present  committee,  the  method 
has  been  improved,  and  as  a  result  the  following  simple  and  effective 
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deA^ces  are  suggested."  They  represent  essentially  principles  of  arti- 
ficial respiration  long  in  universal  and  successful  daily  use  in  physio- 
logical laboratories. 

DESCRIPTION  OF  THE  APPARATUS. 

Two  methods  may  be  used  to  convey  the  air  to  the  respiratory 
passages — the  pharyngeal  and  the  mask  methods.  In  the  pharyngeal 
method  insufflation  takes  place  through  a  metal  pharyngeal  tube  (F. 
T..  fig.  3)  which  has  been  made  to  fit  the  human  anatomy.  The  tube 
measures  about  4  centimeters  transversely  and  3  centimeters  verti- 
cally: the  lower  (tongue)  side  is  flat,  while  the  upper  (palate)  side  is 


Figure  3. — Device  for  pharyngeal  sufflation.  P.  T.,  pharyngeal  tube  ;  R.  V.,  respiratory 
valve ;  turning  to  the  right  brings  an  inspiration  and  to  the  left  an  expiration  ;  S.  V., 
safety  valve   (bottle  to  be  shorter  and  wider)  ;  S.  T.,  stomach  tube. 

round.  The  upper  side  is  longer  than  the  lower.  When  the  tube  is 
inserted  the  end  of  the  upper  side  should  touch  the  posterior  wall  of 
the  pharynx,  while  the  lower  side  terminates  at  about  the  root  of  the 
tongue.  The  entrance  to  the  nasopharynx  is  thus  closed  while  air 
enters  freely  into  the  lower  pharynx.  The  size  of  the  tube  almost 
completely  prevents  the  escape  of  air  through  the  mouth.  The  outer 
end  of  the  tube  carries  a  neck  for  connection  with  the  respiratory 
apparatus,  and  has  a  hole  through  which  a  well-fitting  tube  can  be 
introduced  into  the  stomach.  When  not  used,  this  hole  is  kept  closed 
by  a  movable  plate. 

The  neck  of  the  pharyngeal  tube  is  connected  by  means  of  a  short 
piece  of  strong  rubber  tubing  with  the  proximal  end  of  the  "  respira- 


"  Moltzer,  S.  J.,  Simple  devices  for  effective  artificial  respiration  in  emergencies. 
Am.  Med.  Assoc,  vol.  60,  1913,  p.  1407-1410. 
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tory  valve"  (R.  V.,  figs.  3  and  4).  This  little  device  is  a  metal  cylin- 
der containing  a  valve  which  is  readily  moved  by  a  ring  outside. 
When  the  ring  is  moved  to  the  right,  air  or  oxygen  passes  through 
the  cylinder  in  the  direction  of  the  pharynx,  thus  causing  an  inspira- 
tion. "When  the  ring  is  moved  to  the  left,  the  cylinder  is  closed  for 
the  inspiratory  air  or  oxygen,  and  instead  an  opening  is  made  above 
the  valve  through  which  the  expiratory  air  can  readily  escape.  The 
cylinder  can  be  conveniently  held  in  the  hand  and  the  ring  moved  to 
right  and  left  with  the  thumb.  The  distal  end  of  the  respiratory 
valve  is  connected  either  with  a  foot  bellows,  which  practically  gives 
a  continuous  air  current,  or  with  an  oxygen  tank.  A  safety  valve 
interpolated  between  the  source  of  pressure  and  respiratory  valve, 
some  heavy  weight,  and  a  strong  belt  to  compress  the  abdomen  com- 
plete the  outfit. 

METHOD   or   USING   THE   APPARATUS. 

When  the  apparatus  is  to  be  used  the  procedure  is  as  follows: 

1.  Heavy  weights  should  be  f)laced  upon  the  abdomen.  The 
pressure  may  be  reinforced  by  a  belt,  or  a  belt  pressing  downward  on 
a  broad  board  may  replace  the  weight.    The  belt  alone  is  insufficient. 

2.  The  tongue  should  be  pulled  well  forward  by  means  of  a  proper 
tongue  forceps,  and  the  pharyngeal  tube  inserted  as  far  as  it  may  go. 
For  the  sake  of  being  in  readiness  the  respiratory  valve  should  be 
kept  attached  to  the  pharyngeal  tube.  The  connected  tubing  should 
be  strong  and  short,  the  latter  in  order  to  have  the  expiratory  dead 
space  as  short  as  possible. 

3.  The  distal  end  of  the  respiratory  valve  should  be  connected 
with  the  apparatus  supplying  the  pressure,  whether  bellows  or 
oxygen  tank  plus  safety  valve.  The  respiratory  valve  should  now 
be  turned  for  two  to  three  seconds  to  the  right  and  as  long  to  the 
left.  Eespiration  should  not  be  repeated  more  frequently  than  12 
to  15  times  per  minute.  In  case  of  necessity  the  same  man  may  work 
with  his  hand  the  respiratory  valve,  and  with  his  foot  the  bellows; 
and  if  there  are  no  weights  at  hand  he  may  rest  part  of  his  own 
weight  upon  the  abdomen  of  the  victim.  In  an  abdominal  operation, 
in  case  of  collapse  and  suspension  of  respiration,  when  no  weights  can 
be  placed  upon  the  abdomen,  a  large  stomach  tube  (33,  French  size) 
should  be  pushed  through  the  opening  in  the  pharyngeal  tube  (see 
fig.  3)  ;  it  will  slip  down  readily  into  the  stomach  and  render  the 
necessary  service.  It  would  probably  be  better  to  do  this  in  every* 
case,  but  untrained  laymen,  who  in  most  cases  may  have  to  render 
the  first  aid,  might  hesitate  to  insert  the  stomach  tube. 

The  pressure  upon  the  abdomen  may  likewise  render  good  service 
to  a  failing  circulation.     Experiments  on  lower  animals  show  that 
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in  failing  circulation  strong  pressure  upon  the  abdomen  raises  the 
blood  pressure  effectively  and  fills  the  heart,  and  thus  also,  of  course, 
may  benefit  the  nervous  mechanism  for  respiration. 

When  a  suitable  pharyngeal  tube  is  not  at  hand  artificial  respira- 
tion may  be  executed  with  the  aid  of  a  well-fitting  face  mask  (fig.  4), 
provided  with  a  tube  for  connection  with  the  respiratory  valve.  All 
other  jDarts  necessary  for  artificial  respiration  are  the  same  as  with 
the  pharyngeal  tube,  except  that  no  stomach  tube  can  be  introduced. 
Xo  time  should  be  lost  in  fastening  the  mask;  it  should  be  pressed  to 
the  face  with  one  hand,  the  other  hand  working  the  respiratory  valve 
until  more  help  is  obtained. 


FiGDRE  4. — Application  of  pharyngeal  device.  M.,  mask ;  Infl.,  inflation  tube  for  inflating 
rubber  ring  around  rim  of  mask ;  R.  V.,  respiratory  valve ;  S.  V.,  safety  valve.  Insuffla- 
tion pressure  provided  by  oxygen  tank. 

Both  methods  have  been  tried  on  numerous  animals,  and  have  been 
demonstrated  by  keeping  animals  alive  for  many  hours  while  under 
the  exacting  conditions  of  curare  and  ether  and  of  opened  thorax. 
The  methods  have  also  been  proved  efficient  in  causing  inflation  of 
the  lungs  in  cadavers  in  rigor  or  after  hours  on  ice.  Even  when 
rigidity  of  the  walls  obscured  external  movements,  auscultation 
demonstrated  clearly  entrance  of  air  into  the  lungs.  Especially  in 
cases  dying  with  pulmonary  oedema  the  rhythmical  crackling,  which 
could  be  readily  heard,  was  very  convincing.  The  pharyngeal  tube 
seemed  to  work  somewhat  more  efficiently  than  the  mask  method. 
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MERITS   or  THE  APPARATUS. 

This  apparatus  therefore  has  the  following  commendable  features : 

1.  Its  positive  action  is  determined  by  the  operator  and  not  left 
to  a  mechanism  which  may  fail  to  operate. 

2.  It  is  free  from  a  sucking  action  during  expiration — expiration 
results  from  the  natural  recoil  of  the  disturbed  parts. 

3.  It  is  light. 

4.  It  is  relatively  inexpensive. 

5.  It  is  simple. 

6.  It  may  deliver  pure  oxygen — a  possibly  important  considera- 
tion in  gas  cases. 

7.  It  embodies  in  a  form  that  can  be  used  by  laymen  a  principle 
of  artificial  respiration  that  has  been  employed  for  many  years  in 
scores  of  laboratories  and  on  thousands  of  animals,  and  is  known  to 
be  effective  and  free  from  danger.  These  are  virtues  that  stand  out 
prominently  at  points  where  present  commercial  devices  are  in  fact 
most  defective. 

RECOMMENDATIONS. 

The  recommendations  of  the  committee  are  summarized  as  follows : 

In  all  cases  of  suspended  or  inadequate  respiration,  as  in  very  slow 
breathing,  the  method  of  artificial  respiration  which  can  be  most 
quickly  af)plied  should  be  used  at  once.  In  most  cases,  where  good 
air  is  present,  manual  methods  of  artificial  respiration  are  most  im- 
mediately useful.  Of  those  the  modified  prone  pressure  method 
already  described  is  best.  If  there  is  on  the  victim  a  local  wound 
that  the  prone  pressure  method  may  seriously  increase,  the  Silvester 
method,  in  which  other  parts  of  the  body  are  moved,  may  be  substi- 
tuted. 

In  cases  of  CO  poisoning,  oxygen  should  be  given  instead  of  air. 
If  the  victim  is  breathing  at  approximately  the  normal  rate,  ox5^gen 
may  be  given  very  simply  by  fastening  to  the  face  of  the  victim  a 
mask  supplied  with  straps  to  hold  it  in  place,  fitted  with  an  outlet 
valve  opening  to  the  air,  and  also  fitted  with  a  tube  having  an  inlet 
valve  and  connected  with  a  breathing  bag.  Such  masks  are  on  the 
market.  The  breathing  bag  is  kept  provided  with  oxygen  from  a 
cylinder.  If  the  victim  is  breathing  slowly  or  irregularly,  or  has 
ceased  breathing,  he  should  be  given  the  oxygen,  in  the  absence  of 
other  means,  by  a  manual  method  of  artificial  respiration,  preferably 
the  prone  pressure  method. 

Of  mechanical  devices  for  artificial  respiration,  the  committee  has 
examined  the  pulmotor  and  the  Dr.  Brat  apparatus  and  disapproves 
of  them,  because  repeated  suction  of  air  from  the  lungs  is  not  physio- 
logical, and  if  continued  is  likely  to  result  in  injury  to  the  lungs  and 


RECOMMENDATIONS.  33 

inadequate  inflation;  and  disapproves  of  the  piilmotor  also  because 
the  automatic  mechanism  is  so  readily  disturbed  as  to  be  a  frail  de- 
pendence at  critical  moments. 

The  committee  recommends  the  apparatus  devised  by  Dr.  Meltzer 
because  of  its  certain  action,  its  freedom  from  sucking  in  expiration, 
and  its  lightness,  cheapness,  and  simplicity.  And  the  committee 
suggests  that  in  cases  of  suspended  or  insufficient  breathing  the  modi- 
fied prone  pressure  metliod  be  supplemented  as  soon  as  possible  by 
the  use  of  this  apparatus. 

(Signed)  W.  B.  Cannon,  Chairman. 

George  W.  Crile. 

Joseph  Erlanger. 

Yandell  Henderson. 

S.  J.  Meltzer. 
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